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Commercial production of catfish is the leading aquaculture industry in the United States.
Production in Mississippi, Louisiana, Alabama, and Arkansas representing 96% of the total catfish
sales in the USA. In 2017, the USDA-FSIS added testing of generic Escherichia coli and
Enterococcus to the sampling of Siluriformes. The incidence of Escherichia coli in fish and
seafood has been associated with possible fecal matter contamination. However, this indicator
bacteria could also be a part of the natural microflora of catfish ponds where processing plants
collect

hybrid

catfish.

Aerobes,

Psychrotrophs,

Coliforms,

Escherichia

coli,

and

Enterobacteriaceae counts among environmental, liquid and fish samples were tested every season
and periodically during one day of operation. Generic Escherichia coli counts were greater in late
Summer (P ≤ 0.05) for liquid samples (1 log CFU/g) . During the day, Escherichia coli appeared
to be more recurrent in the afternoon at the skinning step (P ≤ 0.05).
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CHAPTER I
INTRODUCTION
Rapid growth in the field of aquaculture has presented new options and opportunities to
address the following: overcoming the lack of animal-derived protein, helping to resolve
important social and economic issues such as a lack of food for human consumption (food
insecurity), unemployment, and low per capita income in rural regions (Rodríguez-Pulido, et al.,
2016). Considering global aquaculture production is predicted to double by 2050 there will be
less emphasis on wild fish harvest to greater quality protein from the transition from wild fish
harvest to greater quality to rapid advancements in fish farming technologies (Ibrahim et al.,
2020).
With a total area of around 180,000 acres, catfish farming makes up about half of all
aquaculture production in the United States,primarily in the states of Mississippi, Alabama,
Arkansas, and Louisiana. Aquaculture focuses on the production of two types of non-food fish
(baitfish and decorative fish), as well as five key farmed fish species (catfish, trout, salmon,
tilapia, and striped bass) (NOAA, 2021). To some extent, other fish species like walleye, sunfish,
and largemouth bass fall under the definition of aquaculture. Along with fish, several types of
molluscs, crawfish, and shrimp are important commercial species (NOAA, 2021).
In 2014, the hybrid catfish appeared to be a sustainable alternative to improve the
efficiency of catfish production after a period of stagnation. There are many favorable
characteristics that were taken into consideration when choosing hybrid catfish as the main
1

species for growers. Hybrid catfish are characterized by its fast growth, better feed conversion,
increased disease resistance and uniform shape and size; although, channel catfish still provides
profit to the industry but to a lesser extent (Dunham, 2012). Between 2010-2011, approximately
750 million pounds of farm-raised catfish were processed, more than all other farm-raised fish in
the United States combined (The Catfish Institute, 2020). Even though advantages in many areas,
the quality and safety of hybrid catfish needs to be addressed.
Microorganisms impact the safety of fish and fish products. The quality and quantity of
flora present on the skin and in the gastrointestinal tract of farm-raised channel catfish products
influence the type and number of microflorae in the product. As a result, seasonal fluctuations in
processed catfish products would have a direct impact on microbial diversity and quantity
(Fernandes et al., 1997). Research in tropical condition suggests that environmental conditions
could influence the Gram-negative intestinal microbiota of Siluriformes, thus, affecting the
connection between fish and their digestive ecosystem (Duarte, et al, 2014).
The food supply in the United States, particularly seafood, is regarded as one of the safest
in the world (NOAA, 2021). Several federal agencies monitor the production and processing of
farm-raised catfish in the United States. Industry practices are regulated by the US Department
of Commerce, the federal Food and Drug Administration, the Environmental Protection Agency,
the US Department of Agriculture, and the US Fish and Wildlife Service, as well as state and
municipal agencies. To maintain optimum safety, all Siluriformes processors must follow the
federal Hazard Analysis and Critical Control Point (HACCP) inspection procedure (The Catfish
Institute, 2020).
One inspection procedure consists of taking microbial samples to quantify indicator
bacteria since the results provide possible information about processed items' microbiological
2

safety (Fernandes et al., 1997) due to some occurrences of food-borne diseases in the United
States that have raised concerns about the fresh fish sold to retail customers and institutional
clients. Indicator bacterial counts (aerobic plate counts, psychrotrophic counts, total coliform
counts, and Escherichia coli) may suggest temperature abuse, cross contamination, mistreatment
during fish processing and fecal contamination (Verhille, 2013). Cross contamination from a
terrestrial source is implied by the presence of human intestinal microbes on fish. As a result, the
presence of these bacteria may indicate the lack of proper cleanliness when handling and
processing fish. Fish farmed in a system that receives waste/contaminated water may also host
microorganisms found in the water. (Suhlim, 2008). The International Commission on
Microbiological Specifications for Foods (ICMSF, 2019) specifies the maximum acceptable
limits of Aerobic plate counts (APC) at 20 to 250 ºC. Escherichia coli acceptable limits in fish
are 1.0 log CFU/g and 1.3 log CFU/g for raw fish, respectively at 37 ºC. Fish with a
microbiological load that exceeds these limits are deemed spoiled or unsafe. Psychrotropic
counts (PPC) and Total Coliform counts (TCC) of processed fresh catfish fillets should not be
greater than 3-4 log CFU/g, and 2 log CFU/g, respectively (Haque, 2018; Abdallah Ruiz, 2018).
The bacterial load in final fish products during processing is determined by the initial microbial
load of the fish (starting at the receiving step at the processing plant), temperature abuse, crosscontamination, and seasons of the year during fish handling and storage (Abdallah Ruiz, 2018).
Bacterial counts (APC, PPC, TCC, and Escherichia coli) in catfish vary depending on harvest
season, size of the processing plant, and processing methods used (Fernandes et al., 1997).
Previous research indicates that the bacterial load of channel catfish (Ictalurus punctatus) fillets
varies depending on the season and the size of the processing plants.

3

Best Aquaculture Practices (BAP, 2020) have standards for Escherichia coli in seafood
products and several reports of Escherichia coli and other possible indicator organisms exists
regarding catfish and seafood. However, there have been no studies to determine the impact of
season and time of day on Escherichia coli or other fecal indicators counts on catfish
The objectives of the study were to (1) determine the effect of season on the microbial
composition in liquid, and fish and environmental samples at catfish processing environments,
and (2) determine the influence of time of day on microbial load variation in liquid, fish and
environmental samples.
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CHAPTER II
LITERATURE REVIEW
The Food Safety and Inspection Service (FSIS) of the United States Department of
Agriculture (USDA) is responsible for the inspection of Siluriformes fish, which includes fish
commonly known as "catfish." This shift to FSIS occurred on March 1, 2016, for domestic
producers and on April 15, 2016 for importers. USDA-FSIS already collaborates with companies
involved in the production of certain types of fish and fish products.
Congress required this adjustment in the 2008 and 2014 Farm Bills. The final rule,
"Mandatory Inspection of Fish of the Order Siluriformes and Products Derived from Such Fish,"
was released by FSIS. Siluriformes can be found in both fresh and salt water. In North America,
there are at least 39 species of catfish, although only seven have been farmed or have economic
potential. The seven species are: channel cattish, Ictalurus punctatus (Rafinesque); blue catfish,
Ictalurus furcatus (LeSueur); white catfish, Ictalurus catus (Linnaeus); black bullhead, Ictalurus
melas (Rafinesque); brown bullhead, Ictalurus nebulosus (LeSueur); yellow bullhead, Ictalurus
natalis (LeSueur); and flathead catfish, Pylodictis (Rafinesque) (2015).
Channel catfish, Ictalurus punctatus are freshwater fish native to the United States,
Canada, and northeastern Mexico. Additionally, Brazil, Paraguay, Costa Rica, Cuba, China, and
Russia grow this fish (FAO, 2018). Channel catfish was primarily native to the Mississippi river
valley in the United States before it was spread to other regions. The United States Fish and
Fisheries Commission was the first organization to introduce wild catfish to waterways in the
5

1870s. There were farm ponds, reservoirs, and lakes included in the propagation. The first
spawning was accomplished in aquariums in 1890, but the first spawning in a pond wasn't
noticed until 1914. Channel catfish were widely dispersed in hatchery ponds all over the United
States in the 1920s. During the 1960s and 1970s, commercial aquaculture grew, and farmers
began to adopt better practices for pond management, feeding, and disease control (FAO, 2018).
The first channel catfish ponds in Mississippi were built in 1957, with commercial production in
the Delta region beginning in 1965. The catfish industry has developed since that time in the
southern United States, with at least 90% of the farmed catfish coming from the Mississippi river
valley region (FAO, 2018). During the past 35 years, improvements have been developed,
including better aeration technologies, disease control programs, use of hybrid catfish, split pond
systems, and mechanization of processing (Kumar et al, 2018).
Blue catfish are found in the Mississippi, Missouri, and Ohio river basins of the central
and southern United States. On the other hand, flathead catfish are found from the lower Great
Lakes through the Mississippi river watershed to the Gulf States (Jin et al., 2016). Hybridization
between some of these species has been implemented for the catfish industry, yielding a hybrid
channel catfish female x blue catfish male (CxB hybrid or F1 hybrid). This hybrid has some
advantages over the channel catfish (Dunham et. al, 2012). Catfish production in the country
primarily includes channel catfish, blue catfish, and the hybrid (Jin et al., 2016). The hybrid
catfish has better yield, greater disease resistance and growth rates, and more uniform size and
shape than channel catfish (Dunham et. al, 2012). Total production could be increased by 20% to
30% with the use of F1 hybrids. Before it can carry the Certified Processors seal, which confirms
it has met the highest standards set by The Catfish Institute (2020), U.S. Farm-Raised Catfish is
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subject to Hazard Analysis and Critical Control Point (HACCP) regulations and is required to be
inspected at the processing plants by the US Department of Commerce. .
Economic impact of hybrid catfish
For more than 30 years, scientists have studied hybrids between several kinds of North
American catfish (ictalurids). Startingin 2014, hybrid catfish were used to increase the efficiency
of catfish production (Dunham, 2012). The interspecific catfish hybrid that is suitable for
commercial use consists of the female channel catfish (Ictalurus punctatus) and a male blue
catfish (Ictalurus furcatus) hybrid (Figure 1). Even though, hybrid catfish are currently
predominant in the market, channel catfish are still commercialized and sold (Dunham, 2012).

Figure 2.1

External characteristics of channel catfish, blue catfish and CxB hybrid catfish
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The hybrid catfish's seinability is one of its most notable characteristics. In comparison to
channel catfish, the hybrid is two to three times simpler to catch by seining. This makes the hybrid
more suitable for all open-pond culture systems, especially when giant channel catfish seining is a
challenge and ponds are rarely totally drained for harvest. Hybrids in hill ponds are also quicker
to catch and more vulnerable to angling than channel catfish. In fact, the hybrid catfish is nearly
twice as simple to catch by hook-and-line as channel catfish, a characteristic with significant
consequences for fee-fishing and recreational fisheries.
The production of catfish is increasing due to the greater demand of alternative protein
source. In addition to providing white flesh, it supplies a high-quality source of protein and
nutrition. Almost half of all U.S. aquaculture production comes from catfish farming with the
total area encompassing about 180,000 acres. Aquaculture production is concentrated in
Mississippi, Alabama, Arkansas, and Louisiana (NOAA, 2021).
Processed catfish products include eviscerated whole fish, eviscerated dressed fish,
fillets (with or without belly flap), shank fillets, fillet strips (with belly flap), nuggets (belly
flap), and steaks (Silva et al, 2001). These items are typically sold iced, frozen, battered and
breaded, or fresh. The following is a glance at the 2015-2018 production and sales figures of the
top four U.S. aquacultured species (NOAA, 2021):
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Table 2.1

Comparison of U.S. Estimated Sales in Fish Species Modified from source:
National Marine Fisheries Service (2021).

Pounds Produced (Thousands) Estimated Sales (Thousands)
Species
2015
2018
2015
2018
Catfish
317,445
350,343
347,021
341,915
Trout
45,854
49,316
76,748
95,856
Salmon
47,528
36,355
87,743
66,536
Tilapia
18,999
14,436
42,745
37,986
Catfish is consistently high-quality and accessible all year as a farm-raised fish. Fresh
catfish is available as steaks, fillets, whole or head-on and gutted, skinless and bone-in, whole or
head-on and gutted. Catfish can also be individually quick frozen (IQF) and sixty percent of the
product is stored frozen. There are also breaded, smoked, minced, and marinated options (Catfish
Institute, 2020). Retail farmers markets, particularly in the southeast of the United States, sell
live catfish. The market receives live catfish from the grow-out facility and customers can then
choose between buying live or dressed catfish.
Siluriformes inspection and FSIS risk analysis
According to the FDA (2022), presence of pathogenic bacteria development and toxin
generation in fish and fisheries products are a result of time and temperature abuse, which can
lead to consumer illness. Pathogenic microorganisms can infiltrate the raw materials. They can
also be introduced into the product through air, filthy hands, unsanitary utensils and equipment,
polluted water and other sources (Figure 2). The presence of pathogenic bacteria in a fish or
fishery product is associated with a variety of factors, including the quality of the harvest water,
treatment of raw material prior to reaching the processing plant and effectiveness of a sanitation
program.
9

Figure 2.2

Possible sources of Escherichia coli detection in hybrid catfish

Since Escherichia coli is a nonpathogenic bacterium, neither the FDA nor the FSIS have
defined any requirements for detection or measurement of Escherichia coli to ensure the
wholesomeness of a product in 2017. However, in recent reports, fish that were previously tested
for Salmonella are now also being tested for Escherichia coli and enterococcus bacteria (FSIS,
2020). There are no changes to the collection procedures of the fish samples; the only change is
additional analyses conducted on existing samples. The Escherichia coli and Enterococcus
analyses results are non-regulatory and are for monitoring trends in antimicrobial resistance and
susceptibility; products are not required to be held pending test results, and these results do not
impact the acceptance of imported products (Vanderzant, 2018).
The Federal Food, Drug, and Cosmetic Act (FD&C Act) regulates the processing of
seafood, including fish (excluding Siluriformes) and shellfish (FDA, 2018). Under the Federal
Meat Inspection Act, the USDA's Food Safety Inspection Service (FSIS) regulates domestic
production and all imports of siluriform fish and fish products (USDA-FSIS, 2018). In 1995, the
FDA issued its final regulation, "Procedures for the Safe and Hygienic Processing and Importing
10

of Fish and Fishery Products," to ensure the safety and sanitary processing of fish and fish
products (FDA, 2022). The Seafood HACCP Regulation (21CFR 123) and the Control of
Communicable Diseases are included in this guidance (21 CFR 1240). Sanitation Performance
Standards, Sanitation Standard Operating Procedures, and other regulations also apply to
Siluriformes fish and fish products. The FDA also recently released the fourth edition of its Fish
and Fishery Products Hazards and Controls guidance to help processors build HACCP plans for
fish and fishery products (FDA, 2022).
The FDA and the US Environmental Protection Agency (EPA) have standards and advice
for the final fish products, including the levels of animal medications, biological agents,
chemicals, and poisons, as well as physical risks (FDA, 2022). However, since 2017, USDAFSIS has stated that Siluriformes fish and fish products produced, packed, or held under
insanitary conditions where they may have become contaminated with filth or may have been
rendered injurious to health are deemed adulterated. Therefore, USDA-FSIS now requires
additional testing for generic Escherichia coli in fish as this may originate a major issue such as
recalls.

11

Table 2.2

Escherichia coli Public Health Guidelines and Standards
Abbreviation

Entity Name

Acceptable Escherichia coli limits

Year

FDA

US Food, and Drug Administration

N/A

2020

USDA - FSIS

United States Department of
Agriculture - Food Safety and
Inspection Service

FSIS Notice (02-20). 2020. Analysis
of Escherichia coli and Enterccocus
of Fish of the Order of Siluriformes .

2017

International Commission on the m=11 (1.04 log CFU/g), M=500 (log
Microbiological Safety of Foods
2.7 CFU/g).

2019

ICMSF

EPA

Environmental Protection Agency

general mean (126 cfu/100mL) and a
single sample number (235
cfu/100mL – 575 cfu/100mL).

2016

BAP

Best Aquaculture Practices

< 5 CFU/g (n=5 samples).

2021

Incidence of Escherichia coli in microflora of fish and seafood
Fish is a safe food, and the muscles of healthy fish are sterile, though various research
studies have indicated bacterial colonies on or in their skin, gills, and digestive tract.
Additionally, healthy fish's internal organs (kidney, liver, and spleen) may contain germs, but
whether or not muscle is genuinely sterile is up for debate (Sheng, et al., 2021). Escherichia coli
can be utilized as a possible microbial indicator to monitor water quality since such
microorganisms indicate the presence of feces from warm-blooded animals at approximately
37ºC. These bacteria are natural microflora that colonize warm-blooded animals' intestines, and
their presence in fresh and marine waters indicates the presence of pathogenic bacteria (Meals, et
al., 2013). Four fecal contamination indicators exist: total coliforms, fecal coliforms, Escherichia
coli, and Enterococcus. Total coliforms tests can also detect thermotolerant nonfecal coliform
bacteria and are made up of bacteria that are present in soil, surface water, human or animal
12

waste, and the environment. The subset of coliforms that are thought to exist only in warm
blooded animals' feces and guts is known as fecal coliforms. These latter bacteria are a more
precise indicator of animal or human waste than the more generic total coliform group of
bacteria. They may not be dangerous in and of themselves, but they do signal the potential
existence of pathogenic bacteria. Considering direct testing for the presence of a wide range of
pathogens is challenging, time-consuming, and expensive, Escherichia coli is regarded as a more
specific fecal indicator bacterium than total and fecal coliforms (Myers et al., 2014).
Enterobacteriaceae also serves as a general hygienic indicator of the final meat product and/or
the manufacturing process (Mladenović et al., 2021).
The microbiota of fish and fish products is significantly influenced by the environment
(Sheng et al., 2020). As seen in Figure A.1, numerous sources and variables can also contribute
to the presence of pathogenic and spoilage microorganisms that are present in fish and fish
products along the production and supply chain. Several places in the processing environment as
well as the fish living/rearing environment (such as the water and sediment) have been made of
human pathogens and spoilage microorganisms known to raise chemical safety concerns.
Determining the precise source of contamination in a particular fish or fish product is difficult
(Jami et al., 2014). Various factors including season of the year, part of the digestive tract of fish,
and feeding type can affect the number of microorganisms detected in fish (Novoslavskij et al.,
2015). The minimum and maximum findings for specific bacteria are related to the changes in
water temperature that is associated with Winter and Summer seasons (Novoslavskij et al.,
2015). Bacterial colonization can occur on fish skin and gills as a result of constant exposure to
contaminated water, while contaminated feed or water can affect the microbiota in the
contamination of fish muscles is also possible when immunity has been compromised (Guzman
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et al., 2004). Studies have demonstrated that microorganisms are present on fish surfaces such as
skin and gills. In the gills, the bacterial population is up to 106 log CFU/g, as well as inside the
fish in areas including the digestive tract and internal organs such as the kidney, liver, and spleen
(Sheng et al., 2020). Fish are clearly exposed to microorganisms in the water and sediment on a
constant basis and will likely have an impact on the microflora on fish's exterior surfaces,
especially their gills. Similarly, water and food will be delivered to the digestive tract, which will
be inhabited with bacteria (Novoslavskij et al., 2015).
The bacterial microbiome has a big influence on the freshness of fish. In this context,
Escherichia coli was first used as a sanitary indicator for fish samples in the 1930s and has since
been widely used as a microbiological quality measure, particularly in the case of fecal
contamination. In the tropics, where it is found in great quantities, Escherichia coli is usually
connected with seafood contamination. In the Winter and Spring, no Escherichia coli was found
in catfish fillets, but in the Summer, Escherichia coli levels were as high as 1.5 log CFU. Both
Fernandes et al. (1997), and Costa (2013) reported that Escherichia coli counts in aquacultured
channel catfish were greater during the warmer periods (Summer and Fall) and decreased
dramatically during the colder periods (Winter and Spring) with Escherichia coli form counts
ranged from 0.8 log CFU/g in Winter to 3.2 log CFU/g in Summer. Escherichia coli populations
(greater than 1 CFU/g) were not isolated in the Winter. However, in the Summer, populations
ranged between 2.0-7.5 log CFU/g per gram, 2.0-4.0 log CFU in the Fall, and 0.0-2.0 log CFU in
the Spring. Escherichia coli that is present in the intestinal tract of catfish appears to be primarily
responsible for contamination of the fillets (Al-Harbi, et al., 2004). Almost all microbial
contamination was discovered during filleting and subsequent handling prior to packaging, and
the Aerobic Plate Count (APC) of one processor had similar values during the day ranging from
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5.61 log CFU/g in the morning to 5.65 log CFU/g at midday to 5.94 log CFU/g in the evening
(Kim, 1999).
Concerning the source of Escherichia coli on hybrid catfish, Guillen et al. indicated that
various fish species create fecal material that contains Escherichia coli, therefore, it is unknown
whether these bacteria originate in the fish, are taken up from water, or acquired from
Escherichia coli contaminated feed (Guillen et al., 2010). Sawyer (2020) tested fish intestines for
the presence of Escherichia coli, but none were found. As a result, it appears logical that if the
fish do not have Escherichia coli in their guts, the positive fish feces are more likely to be related
to the contaminated water in which the contaminated feces were floating. Escherichia coli levels
in wild fish species appear to follow trends similar to ambient water and sediment
concentrations; as concentrations in their environments rise, concentrations within the fish rise as
well. In contrast, Guzman et al. (2004) reported that though Escherichia coli is not a normal
inhabitant of fish flora, it has been isolated from the stomach and intestines of fish (Guzman et
al., 2004). This indicates that bacterial flora of fish would reveal the bacteriological conditions of
the water where fish inhabit. Recent research indicates has shown that Escherichia coli can
survive for long periods of time outside of the intestinal tract and reproduce in soil, sand, and
sediment in tropical, subtropical, and temperate climates (Jang, 2017). Fernandes (1997) also
reported that bacteria in the intestinal tract of channel catfish may be primarily responsible for
contamination of fish fillets during processing. This indicates that there are likely multiple
mechanisms for contamination of fish with Escherichia coli. Koo et al. (2012) isolated
Enterotoxigenic Escherichia coli (ETEC) strain from rockfish sold in South Korea which
indicates the presence of Escherichia coli in seafood (Costa, 2013). However, the source was not
identified. Suhalim et al. (2008) recovered a maximum population of 2.5 log CFU/g of
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fluorescent Escherichia coli O157:H7 from skin scrape samples after2 days. Escherichia coli
O157:H7 populations isolated from viscera (kidney, liver, and digestive tract) samples reached
5.5 log CFU/g after two days and were recovered for at least twelve days.
Incidence of fecal indicators in fish, fish products and seafood
Indicator organisms are a type of microorganism that are not harmful to humans but are
indicative of the possible presence of pathogens or contamination, and their detection and
enumeration is widely used to evaluate how hygienic the environment is (Vanderzant, 2018).
Indicator organisms are generally present in larger quantities than the pathogen that indicate the
presence and have similar survival rates. As mentioned before in this section, many indicator
organisms can be used to monitor water quality, and their effectiveness in predicting infections is
determined by their detection limit, tolerance to environmental pressures, and other
contaminations (Motlagh et al., 2019). Aerobic plate count (APC), psychrotropics plate count
(PPC), coliforms, Escherichia coli, yeast and molds, and Listeria spp. are all examples of
organisms in this category. Yeast, molds, and APC are primarily used to indicate a product's
quality and potential keeping quality. The presence of coliforms and Escherichia coli suggests
possible fecal contamination and an increased likelihood of pathogen contamination of foods.
APC and PPC serve as a general microbiological indicator of the product's hygienic
quality, freshness, and potential shelf life.. According to ICMSF guidelines and microbiological
specifications, the APC of fresh fish suitable for human consumption should not exceed 106-107
CFU/g (ICMSF, 2019).
Other indicator bacteria (total coliforms, fecal coliforms, and fecal Streptococci) can be
related to fecal contamination but are not always. Despite this limitation, total coliforms are
utilized to determine susceptibility of groundwater to fecal contamination. Fecal coliforms are
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also utilized to assess how sanitary condition of shellfish-growing waters and to meet
recreational-water-quality regulations in some states. The use of fecal streptococci for waterquality has been phased out by the US Geological Survey. Although most seafood items (except
for some crustaceans) will undergo some form of heat treatment prior to consumption, the
improper cooking of fish, like undercooked ground beef, may offer health risks to consumers.
Aerobic plate count is useful as an indicator of utility and the condition and length of storage of
products prior to stabilizing processes such as freezing (FDA, 2021). Most aquatic animals at
the point of harvest have counts in the region of 102 – 105 organisms per gram. There are
exceptions including some tropical shrimp, molluscs, and freshwater fish. An increase in APC to
levels more than 106 per gram is usually indicative of long storage at chilling temperatures or
temperature abuse prior to freezing and/or spoilage. Thus, APC is indicative of general quality
and handling and storage procedures to a lesser extent.
Escherichia coli testing is also included in all cases, and it is noted that fecal coliform
counts may be used instead where this is the preferred method. The usefulness of this test for
seafoods was indicated earlier and is based on the fact that these organisms should be absent
(FDA, 2021).
While Enterobacteriaceae collectively exhibit better environmental resistance than the
coliforms, they may be more effective than coliforms as indicators of improper sanitation
revealed by good manufacturing methods. Coliforms, however, make up around 10% of the gut
microbiota and are a significant component within the Enterobactriaceae family (Manhique, et
al., 2020
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CHAPTER III
MATERIALS AND METHODS
Experiment I: Seasonal trends on indicator organisms in catfish parts and catfish
processing environment.
Methodology
Sampling was conducted in two catfish processing plants with similar characteristics that
were located in the southeastern United States within a 290-kilometers radius. Catfish processing
plants had 4 visits for each month of Spring (March, April) and early Summer (July, August) and
3 visits for each month of late Summer (September, October) and Fall (November) for a total of
14visits throughout the year of 2021. Samples taken for testing are described in Figure 3.1. At
each processing plant, environmental (E), fish (F) and liquid (L) samples were collected with
3M™ Swab-Sampler (with 10ml of Buffered Peptone Water) and placed in Whirlpak® sterilized
stomacher bags, respectively. 3-4 replications (blocks) were defined by the number of samplings
(visits) in a season. A total of 280 samples (70 environmental samples, 154 fish samples and 56
liquid samples from processing plants) were evaluated in this study.
Samples were taken in a 2–3h period and transported on ice at 2 - 4 °C in a cooler and
processed within 24h at the Mississippi State University's Food Microbiology Laboratory in the
Food Science, Nutrition, and Health Promotion Department.
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Sample Collection
Environmental sampling
Environmental samples were obtained at the receiving belt, fillet belt, trimming belt and
chilling belt at different processing steps (Figure 3.1) at the catfish processing sites. Sampling
was conducted with aseptic techniques from several sampling points at the site, with disposable
gloves changed between samples. The swab was moved vertically over a designated surface with
firm and even pressure. the swab was then flipped, and the other side moved horizontally and
diagonally to ensure that the entire area was covered (25 x 25 cm). The swabs were then
aseptically placed inside a tube and tightly closed for future transportation and microbial assay at
the Food Microbiology Laboratory.
Fish and Liquid sampling
For fish samples, catfish fillets and fish parts were analyzed. At site, fillets and nuggets
were collected fresh, chilled, and frozen in each visit. The fish parts that were analyzed consisted
of oral (mouth), pericardial (skin, heart, kidney, gills) and visceral (liver, stomach, intestines)
cavities. One of the challenges arised from collecting fish parts since all cavities were
intertwined at the second processing step at the Manual Line (Figure 3.1). Oneliquid sampleeach
consisting of truck water, offal water, chilled water and injector solution were also collected at
site in clear disposable plastic cup., These cups were used to avoid cross contamination between
liquid samples. In addition, sampling was conducted with aseptic techniques, and disposable
gloves were changed between samples. Both fish and liquid samples were deposited into
previously labeled Whirlpak bags and transported to the Food Microbiology Laboratory for
microbial assessment.

19

Microbiological analysis
Each fish and liquid sample 25 g and was homogenized in a 1:10 dilution with sterile
0.1% peptone water in a Whirlpak sterilized stomacher bag for 120 sec at normal speed using a
Seward Stomacher® 400 Circulator (Seward, England, UK). Environmental samples were
vortexed shortly after the arrival to the microbiological laboratory. All samples were plated on
the following corresponding media: Aerobic Plate (APC), Psychrotropic Plate (PPC) and
indicator organisms: generic Escherichia coli, Total Coliforms (TCC), and Enterobacteriaceae.
APC, PPC, generic Escherichia coli, coliforms, and Enterobacteriaceae were analyzed using
3M™ Petrifilm™ plates (3M™ Petrifilm Aerobic Plate count, Escherichia coli /Coliform Plates
count, Enterobacteriaceae Plates, 3M™ Food Safety Department, St. Paul, MN). Serial dilutions
of 102 and 104 were done for all samples using 0.1% BPW. A 1 ml aliquot was placed on each
Petrifilm plate and incubated at 35°C ± 2°C for APC, Escherichia coli, and TCC and
Enterobacteriaceae. While a 1 ml aliquot was placed on each Petrifilm™ plate and incubated at
10°C ± 2°C for PPC. Colonies were counted after 48h of incubation for APC, Escherichia coli,
and TCC, and at 5 days for psychrotropic count. Aerobic and psychrotropic populations were
enumerated by the number of red colonies. The preferred counting range on a 3M™Aerobic
Count plate is between 25 – 250 colonies. This procedure was also applied to enumerate
Escherichia coli /coliforms and Enterobacteriaceae populations with Escherichia coli /Coliforms
and Enterobacteriaceae Petrifilm (3M™). Blue colonies with gas were counted as Escherichia
coli cells; red and blue colonies with gas were classified as total coliform count.
A 10 ul aliquot was placed and spread into MacConkey agar plates to identify
Escherichia coli species. Presumptive pink to rose red colonies were selected and inoculated
into the API 20E kit strips (BioMérieux, Marcy l’Etoile, France) from MacConkey agar plates.
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Each well was inoculated with a bacterial suspension and incubated at 37 °C for 24h. All test
reactions were read per the interpretation guide provided by the manufacturer, and identification
was obtained by referring to the Analytical Profile Index (BioMérieux, Marcy l’Etoile, France).
Experimental Design and Statistical Analysis
This was a one-way ANOVA with sampling points (280) and seasons (4: Spring, early
Summer, late Summer, and Fall) in a randomized incomplete block design, with visits within
season as replications (blocks). There was an uneven number of visits per season.
All statistical analysis were analyzed in the R statistical programming environment. One-way
ANOVA tests with Tukey's test as a post-test were conducted to determine differences between
seasons and sampling categories (fish, environmental and liquid). The blocks were made up of
liquid, environmental and fish samples, and they were tested for aerobic, psychrotropic, total
coliform, Escherichia coli and Enterobacteriaceae counts. Following log transformation of the
data, average counts for aerobic, psychrotropics, and total coliform counts were examined. To
further investigate the microbiological testing of hybrid catfish processing and hybrid catfish
parts, samples were divided by the different sampling points collected in the catfish processing
plants (Figure 3.1).
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Figure 3.1

Experiment I: Sampling Points taken at the Catfish Processing Plant. (Image
modified from source: Haque et al., 2018)
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Experiment II: Sampling time of day on overall microbial population and indicator
organisms
Methodology
As a result of various visits conducted at the catfish processing plants for the first
experiment for seasonal trends, a second experiment was conducted during the warmer months
(early and late Summer) of the year of 2021 to analyze if the period of a typical processing day
(morning, noon, and afternoon) influenced the microbial load of each parameter. This
experiment was also conducted to determine if sanitation procedures performed by the
processing plans impacted indicator organisms counts. Sampling was conducted in the same two
catfish processing plants with similar characteristics that were located in the southeastern United
States within a 290-kilometers radius. The number of samples was reduced for each visit in a
typical processing day based on results obtained in the first experiment resulting in greater
microbial counts. Sampling collection included 3 environmental samples (receiving belt, fillet
table and fillet belt), 3 fish samples (fresh fillet, pericardial (skin, heart, kidney, gills), visceral
(liver, stomach, intestines cavities), and 4 liquid samples (truck water, offal water, chilled water,
and injector solution) (Figure 3.2). Catfish processing plants were visited three times throughout
the second experiment. Per each visit, a total of 30 samples were collected throughout a
processing day (10 samples in the morning (~2h after start, ~9:00 am), 10 samples at noon (~5h
after start and after removal of solids and a “light” rinse of the equipment) and 10 samples in the
afternoon (8h after start). A total of 90 samples (27 environmental samples, 27 fish samples and
36 liquid samples from processing plants) were evaluated in this study. Additionally, 5fresh
fillets were taken from each visit to evaluate BAP standards for generic Escherichia coli.
Samples were taken in a 2–3h period and transported on ice at 2 - 4 °C in a cooler and
processed within 24h at the Mississippi State University's Food Microbiology Laboratory in the
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Food Science, Nutrition, and Health Promotion Department. Sample collection procedures for
environmental, fish and liquid sampling were performed identical to the first experiment as well
as microbiological analysis.
Experimental Design and Statistical Analysis
This was a one-way factorial treatment structure with sampling point (0: as the means of
sampling points by separate operational dayand period of day (3: morning, noon, and afternoon
in a randomized complete block design, with visits within periods of day as replications (blocks).
All statistical analysis was performed using R statistical programming environment. Two-way
ANOVA tests with Tukey's test as a post-test were conducted to determine differences between
treatments. The blocks were made up of liquid, environmental and fish samples, and they were
tested for aerobic, psychrotropic, total coliform, Escherichia coli and Enterobacteriaceae counts.
Following log transformation of the data, average counts for aerobic, psychrotropics, and total
coliform counts were examined. To further investigate the microbiological testing of hybrid
catfish processing and hybrid catfish parts, samples were divided by the different sampling oints
lected in the catfish processing plants (Figure 3.2).
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Figure 3.2

Experiment II: Sampling Points taken at the Catfish Processing Plant. (Image
modified from Haque et al., 2018)
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CHAPTER IV
RESULTS AND DISCUSSION
Experiment I: Seasonal trends on indicator organisms in catfish parts and catfish
processing
Samples collected at the receiving step had greater (P < 0.05) APC counts in receiving
belt and truck water samples in the Summer and lower in the Spring and Fall (Figure 4.1). This
relates to greater air/water temperatures during the warmer months (Table 4.1).
APC counts for liquid samples consisting of truck water and chiller water was greater (P
≤ 0.05) in the late Summer than the injector solution (Figures 4.1). Pericardial (skin, heart,
kidney, gills) and visceral (liver, stomach, intestines) cavities contained similar (P > 0.05) APC
counts to chilled catfish fillets, in the Late Summer (Figures 4.2). According to ICMSF
guidelines and microbiological specifications, the APC of fresh fish suitable for human
consumption should not exceed 106-107 CFU/g (2019). Although, APC counts were within
microbiological limits, this does not indicate an absence of pathogens. PPC counts resulted in
similar trends as APC counts where greater counts were observed during the Late Summer in
comparison to the rest of the seasons. Liquid samples especially taken from truck water had
greater counts (p < 0.05) in the late Summer (Figure 4.7). Greater counts (p < 0.05) were seen in
the late Summer and seemed absent for chiller water at the beginning of Summer considering
that this step may be influenced by a horizontal rotating vat of broth mix of nutrients, fish skin,
blood and cold water at temperatures of 3-5 ºC (Figure 4.11). PPC counts were also greater in
injector solution (Figure 4.12). This could be a result of lower temperatures both at the sampling
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site as well as testing incubation at 10 ºC. The TCC counts were greater (p ≤ 0.05) for all
sampling points during late Summer (Figures 4.13 - 18). All collected liquid, fish parts and
environmental samples were greater than (p ≤ 0.05) the recommended limits of 2.5 CFU/g.
Escherichia coli counts were similar for all sampling points with slightly greater incidence in the
late Season than the rest of the seasons, and these were within recommended limits of 1 CFU /g
(EPA, 2013). The recommended limits for Escherichia coli in raw fish are ≤ 20 CFU /g (1.3 log
CFU /g) (CFS, 2014).
According to Cotton et al. (1998), Pseudomonas spp. and Aeromonas spp. are prevalent
bacteria on catfish processing equipment, while Escherichia coli represented a small part of the
reported isolates. Pseudomonas spp. may be separated from sanitized surfaces more frequently
due to its greater chlorine resistance, and the presence of Aeromonas spp. may imply less regular
cleaning of processing equipment Cotton et al., 1998). Pseudomonas spp. and Aeromonas spp.,
rather than Escherichia coli and coliforms, may be better indicators of insufficient cleaning and
sanitation in catfish processing facilities. Nonetheless, Escherichia coli may either be part of the
pond microflora or an indicator of fecal matter contamination.
The environment is the most important determinant of the microbiota of fish and fish
products (Sheng et. al, 2020). Fish in their natural habitat may or may not be free of bacterial
growth, although the rate is greatly dependent on several crucial environmental and climatic
parameters, as well as the fish and bacterium species. Certain environmental conditions favor the
spread of infestations, while others have a detrimental impact on bacteria survival and
development (Egerton et al., 2018). Seasonal fluctuations, as well as changes in meteorological
circumstances, influence the time of bacteria infestation on fish to some extent (Ogbukagu et al.,
2021). Peaks in total bacterial abundance have been seen in the Summer and Fall seasons and
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there have also been recorded changes in the seasonal variation of the bacterial load in the
pericardial cavity of fish samples which establishes greater bacterial load during the late Summer
(atmospheric temperature of 13-31°C). The bacterial load in the gill of the fish samples was
greater than the counts obtained in the gut and liver in both colder and warmer seasons (Egerton
et al., 2018). The high bacterial load in the gill, liver and gut (pericardial cavity) of hybrid
catfish observed during the colder season in this study could be attributed to cool atmospheric
environment temperature, which is conducive for proliferation of mesophilic organisms (Foyle et
al., 2020). At increased weather temperature, during the warmer season, microbial counts of the
fishes are adversely affected. Bechtel et al. (2017) explained that samples taken in the manual
line processing step during the late Summer had greater fat percentage and microbial counts due
to liver fragments remained attached to the head after the beheading procedure. Another
discovery by the same study found greater viscera fat level of 17.7% in the female channel
catfish compared to the hybrid's 21.4%. which contributes to 12.3% and 11.7% of the total
weight of channel and hybrid catfish, respectively. Significant coliform bacteria, including
Escherichia coli, were found in fish-culture ponds at 24-29°C. The mean psychrotropics count
for the three sample types were not substantially different, according to the findings between the
different categories. (i.e., liquid, environmental and fish) (Figures 4.37-4.42).
The results revealed that the fecal coliform counts in the processing plants throughout the
seasonal visits were not substantially different... Total Coliforms (TCC) were not (P > 0.05)
different by season in the receiving belt. For truck water, TCC were greatest (P < 0.05) for the
late Summer samples and lowest (p < 0.05) for the Spring samples. This is possibly due to
variability in temperatures (Table 4.1) which were greater for the late Summer and lowest for the
Spring. Coliforms are mesophiles and which grow best at warmer temperatures. This agrees with
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Ellis-Iversen et al (2020) regarding the recovery of fecal indicator bacteria being high when the
water temperature is between 16°C and 20°C, whereas when it is 1–10°C fish do not feed
actively, and the digestive tract is usually empty,, which also contributes to Volkoff et al (2020)
study on effects of temperature on fish feeding habits and habitats and capacity to adapt to
changing temperatures.
TCC for chilled fillets and nuggets, chiller water and chiller belt were greater (p < 0.05)
in the late Summer (Figure 4.13). TCC were not detected in fillets and nuggets in the Spring, and
in nuggets in the early Summer as well. This relates to ambient temperatures (Table 4.1) being
highest in the late Summer. Even though the fillets were chilled, the muscle temperature was still
greater for the late Summer fillets than other seasons.
Bacterial colonization occurs on fish skin and gills as a result of persistent contact to
contaminated water, while contaminated feed or water might harm the digestive tract. When
immunological resistance is weakened, contamination of fish muscles is also a possibility
(Guzman et al. 2004). On average, only a few microbes may be discovered on fish skin. Total
bacteria count (TBC) on the skin of salmon was found to range from 102 to 103 CFU/g in
research conducted in the United Kingdom. (Novoslavskij et al., 2015). Meanwhile, research
conducted in Turkey reported 101–107 CFU/g on salmon skin (Diler et al. 2000).
The quantity of microorganisms is affected by several factors, including season, the
section of the fish's digestive tract, and style of feeding. The minimum and maximum findings
for certain bacteria were observed during the Winter and Summer seasons and were associated to
changes in water temperature (Diler, et al., 1998). In the visceral cavity, differences in the
quantity of bacteria is dependent on the section of the digestive system and APCs ranging from
5.5 x 103 to 5.0 x 104 CFU/g and from 1.0 x 104 to 10 x 106 CFU/g, respectively (Diler, et al.,
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1998). The number of microorganisms in the visceral cavity is dependent on the type of fish
meal, with debris having the highest bacterial population (Novoslavskij et al., 2015).
Table 4.1

Air and Water Temperature of Seasonal Visits. Modified from source: USGS,
2020

Temperature (°C)
Season
Spring
Spring
Spring
Spring
Early Summer
Early Summer
Early Summer
Early Summer
Late Summer
Late Summer
Late Summer
Fall
Fall
Fall

Sampling Date
March 4, 2021
March 25, 2021
April 23, 2021
May 17, 2021
June 29, 2021
July 21, 2021
August 25, 2021
September 1, 2021
September 15, 2021
October 20, 2021
October 29, 2021
November 10, 2021
November 17, 2021
November 29, 2021

Air

Water

0-12
13-25
13-20
13-26
20-30
23-33
22-33
21-33
23-31
13-25
13-31
13-24
13-22
0-13

8
15
16
22
27
26
30
81
27
24
12
21
15
10

During the experiment time, the air temperature ranged from a minimum of 0°C to a
maximum of 34°C, as displayed in Table 4.1. Also, water temperature was determined in the
area within range of the air temperature of sample data collection. Escherichia coligrew at
temperatures between 20° and 40°C, according to the data that was gathered. Since catfish can
normally endure such a wide variety of temperatures in their natural habitat (Guzman, 2010, it is
most likely that the Escherichia coli trends increased in early to late Summer as this bacteria is
known to be mesophiles, which may survive such temperatures and go on to cause contamination
in a body of water. Citrobacter, Enterobacter, Hafnia, Klebsiella, and Escherichia coli are fecal
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coliform bacteria, with Escherichia coli, the most prevalent species. Escherichia coli is in their
gastrointestinal tracts of fish. Due to the impact of sunlight and the large station population in
Summer, or February, the presumptive fecal coliform levels were low. Freeman et al.(2009)
previously reported that. Escherichia coli incidence was greater in the Summer than the other
seasons. A different study indicated the presence of Escherichia coli in the fish gut after contact
with contaminated feed but not after contact with water in the bath. Escherichia coli grew in fish
intestines at 15°C (Rio-Rodriguez et al., 2008).
Escherichia coli incidence ranged 10-18% (Al-Harbi et al., 2006). Only 8/26 (30%) fecal
(scat) samples from Neotropical otters were Escherichia coli positive, indicating that Escherichia
coli is not a suitable indicator to assess water fecal contamination (Oliveira et al., 2018. Presence
of coliforms, Escherichia coli, L. monocytogenes, and V. vulnificus in seafood samples was 48,
19, 9, and 3%, respectively (Dumen et al, 2020). About 50% of samples of pangasius and prawns
in Danish markets were positive for Escherichia coli and almost all were positive for Enterococci
(Ellis-Iversen et al, 2020).
Bacteria in the intestinal tract of channel catfish may be primarily responsible for
contamination of fish fillets during processing (Fernandes et al., 1997). While Rico et al.,
suggest low Escherichia coli (~ 2 log CFU/ml) may represent a natural level in pond water
(2008). While Escherichia coliform counts ranged from 0.8 log CFU/g in Winter to 3.2 log
CFU/g in Summer. Escherichia coli populations (greater than 1 CFU/g) were not isolated in the
Winter. However, in the Summer, populations ranged between 2.0-7.5 log CFU/g per gram, 2.04.0 log CFU in the Fall, and 0.0-2.0 log CFU in the Spring. Escherichia coli in the intestinal tract
of catfish appears to be primarily responsible for contamination of the fillets (Al-Harbi, et al.,
2004).
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Table 4.2

Escherichia coli (CFU/g) on finished product (fillets)

Escherichia coli (CFU/g)
M
Range
BAP? ICMSF?
100
0-100
No
No

Date
25-Aug

m
40

c
2

15-Sep

60

3

100

0-100

No

No

20-0ct
17-Nov

120

500

0-500

ND

2
0

0

0

No
Yes

No
Yes

29-Nov
3-Mar
3-Mar

ND
ND
<2

0
0
1

0
0
<10

0
0
0-<10

Yes
Yes
Yes

Yes
Yes
Yes

Alternatively, the ICMSF guidelines (2019) and the BAP (2021) certification both call
for a three-way sampling plan that includes at least five samples (n=5) of the final product. The
samples taken in the warmer months (late Summer) did not satisfy the standards for m (median
for 3, c=3) and would thus not pass the standards, according to a comparison of the values in
Table 4.2 to those for the standards in Table 2.3. Escherichia coli was not found, nevertheless,
when the temperatures were lower (Fall and Winter/Spring), Escherichia coli contamination in
the fish gut after exposure to contaminated feed but not by bath exposure. At 15°C, increased
Escherichia coli in the intestine of fish and could still be detected after 4 days. At 6°C, it was
detected for 2 days but the numbers declined steadily (Rio-Rodriguez et al., 2008). APC counts
of pond sediments in Saudi Arabia ranged from ~5.5 log CFU in Spring/Fall to ~7.8 log CFU in
Summer and Winter, with large variability between ponds. Escherichia coli incidence ranged
from 10-18% (Al-Harbi et al., 2006). Only 8/26 (30%) fecal (scat) samples from Neotropical
otters were Escherichia coli positive, indicating that Escherichia coli is not a suitable indicator to
assess water fecal contamination (Oliveira et al., 2018). The sources of water for the ponds were
well water or streams and thus the likelihood of fecal contamination of the ponds is minimal. It is
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assumed that the Escherichia coli found in the samples from the warmer months is from feed and
fish waste deposited on sediment that contributes to growth of the microorganisms including
coliforms and Escherichia coli. Thus, it is unlikely that Escherichia coli is a good indicator or at
the levels presented in the standards, for aquaculture catfish.

Figure 4.1

Aerobic Plate Counts (APC) on seasonal trends of liquid samples.

All microbial counts were higher (P < 0.05) in late Summer, but not different (P > 0.05) between
other seasons (table 4.1) for liquid samples.
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Figure 4.2

Aerobic Plate Count (APC) on seasonal trends of fish samples (cavities: oral,
pericardial, and visceral).

All microbial counts were higher (P < 0.05) in late Summer but different (P > 0.05) between
other seasons (table 4.1) in the pericardial and visceral cavity, however it resulted simitar for oral
cavity, suggesting that microorganisms find a better environment within the intestinal tract of the
hybrid catfish instead of its entrance (mouth).

Figure 4.3

Aerobic Plate Count (APC) on seasonal trends of fresh fish samples (fillet and
nugget).
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Figure 4.4

Aerobic Plate Count (APC) on seasonal trends of chilled fish samples (fillet and
nugget).

Figure 4.5

Aerobic Plate Count (APC) on seasonal trends of frozen fish samples (fillet and
nugget).
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Figure 4.6

Aerobic Plate Count (APC) on seasonal trends of environmental samples.

Figure 4.7

Psychrotropic Plate Count (PPC) on seasonal trends of liquid samples.
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Figure 4.8

Psychrotropic Plate Count (PPC) on seasonal trends of fish samples (cavities: oral,
pericardial, and visceral).

Figure 4.9

Psychrotropic Plate Count (PPC) on seasonal trends of fresh fish samples (fillet
and nugget).
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Figure 4.10

Psychrotropic Plate Count (PPC) on seasonal trends of chilled fish samples (fillet
and nugget).

Figure 4.11

Figure 4.11 Psychrotropic Plate Count (PPC) on seasonal trends of frozen fish
samples (fillet and nugget).
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Figure 4.12

Psychrotropic Plate Count (PPC) on seasonal trends of environmental samples

Figure 4.13

Total Coliform Count (TCC) on seasonal trends of liquid samples.
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Figure 4.14

Total Coliform Count (TCC) on seasonal trends of fish samples (cavities: oral,
pericardial, and visceral)

Figure 4.15

Total Coliform Count (TCC) on seasonal trends of fresh fish samples (fillet and
nugget).
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Figure 4.16

Total Coliform Count (TCC) on seasonal trends of chilled fish samples (fillet and
nugget).

Figure 4.17

Total Coliform Count (TCC) on seasonal trends of frozen fish samples (fillet and
nugget).
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Figure 4.18

Total Coliforms counts (TCC) on seasonal trends of environmental samples.

Figure 4.19

Escherichia coli counts on seasonal trends of liquid samples.

The presence of Escherichia coli in chiller water especially in warmer seasons indicates that this
could be a source of cross contamination. The presence of Escherichia coli in injector solution
could indicate possible cross contamination and internalization of microorganisms. Thus,
possible changeover or higher rate of turnover or smaller batches should be made.
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Figure 4.20

Escherichia coli counts on seasonal trends of fish samples (cavities: oral,
pericardial, and visceral).

Figure 4.21

Escherichia coli counts on seasonal trends of fresh fish samples (fillet and nugget).
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Figure 4.22

Escherichia coli counts on seasonal trends of chilled fish samples (fillet and
nugget).

Figure 4.23

Escherichia coli counts on seasonal trends of frozen fish samples (fillet and
nugget).
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Figure 4.24

Escherichia coli counts on seasonal trends of environmental samples.

Figure 4.25

Enterobacteriaceae counts on seasonal trends of liquid samples.
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Figure 4.26

Enterobacteriaceae counts on seasonal trends of fish samples (cavities: oral,
pericardial, and visceral).

Figure 4.27

Enterobacteriaceae counts on seasonal trends of fresh fish samples (fillet and
nugget).
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Figure 4.28

Enterobacteriaceae counts on seasonal trends of chilled fish samples (fillet and
nugget).

Figure 4.29

Enterobacteriaceae counts on seasonal trends of frozen fish samples (fillet and
nugget).
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Figure 4.30

Enterobacteriaceae counts on seasonal trends of environmental samples. .

Experiment II: Sampling time of day on overall microbial population and indicator
organisms
This smaller scale experiment consisted of three operating days during the warmer
months of the year (July-September 2021). Each operating day was divided into three visits
(morning, noon and afternoon) for sample collection per each 3hr interval visit (9am, 12pm and
3pm). The presence of aerobic and Psychrotropic bacteria (APC, PPC) and indicator organisms
(TCC, generic Escherichia coli and Enterobacteriaceae) were assessed in a total of 30 samples
per operating day. These samples were previously selected in the environmental (E), fish (F) and
liquid (L) categories that resulted in greater counts of microbial evaluation from previous visits
(Figure 3.2).
Almost all microbial contamination was discovered during filleting and subsequent
handling prior to packaging, and the Aerobic Plate Count (APC) of one processor had similar
values during the day ranging from log 5.61 CFU/g in the morning to log 5.65 CFU/g at midday
48

to log 5.94 CFU/g in the evening (Kim, 1999). In the study, this appeared to be true for APC
counts of truck and chiller water (Figure 4.31), in the morning and noon. However,
environmental sample obtained from the Filleting step (Figure 4.34) was lower than the expected
from the study mentioned above for APC counts. APC for the cavities (pericardial and visceral)
at skinning step were greater (P ≤ 0.05) during afternoon than at the beginning of the operating
day (Figures 4.33)
Overall, APC, TCC, and Escherichia coli counts were less (p ≤ 0.05) in the afternoon
after cleaning and sanitation for some sampling points compared to others during operation.
At the manual line step, fillet table presented greater TCC counts than the receiving belt
(Figure 4.42) throughout the typical processing day. TCC counts in the receiving belt decreased
within time. This could indicate the plant’s light “rinse.”
Generic Escherichia coli counts were presented in all samples throughout the processing
day. Greatest loads were seen in liquid and environmental samples, especially in chiller water
and receiving belt at noon (Figure 4.43; 4.46, respectively). Temperatures for the chiller water in
the plant ranged from 6◦C to 9◦C. The chiller is typically the last wash the catfish receives before
being packaged; therefore, the water there needs to be as hygienic as possible (Reed, 2002).
Considering also, this is a rotating horizontal vat that receives water, catfish fillets, nuggets and
blood dragged from the other processing steps, it is likely to associate this possible reason to
higher microbial counts within the liquid samples.
Once again, this study was performed during the Summer, temperatures that are
commonly greater than 30◦C in southern region of the United States (USGS, 2020) (Table 4.1),
resulting in favorable growth conditions for microorganisms, such as aerobic bacteria, coliforms,
and Escherichia coli., total coliforms and generic Escherichia is frequently employed as a
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marker for fecal contamination and microbiological water quality (EPA, 2013). Fecal matter may
contain foodborne pathogens, even though these indications are not employed as a direct marker
of pathogens. APC and generic Escherichia coli levels in fish fillets (fresh, chilled, and frozen)
were lower than the suggested microbiological limits for fresh fish (APC 5.7 log CFU/g for highquality products) both before and after chilling (ICMSF, 2019). The truck water, visceral cavity,
and chilled water samples obtained at noon had the highest concentrations of generic Escherichia
coli (Figures 4.31). According to Montville et al., while handling food, fecal coliforms can
spread from infected hands to food items and then to other surfaces (2002). Moreover, incidence
of Escherichia coli could be associated to the lack of hygiene, specifically improper
handwashing (Reij, et al., 2004). Another factor to consider is that all sample collections were
taken from the processing plant. Since liquid samples resulted in greater incidence of indicator
organisms, perhaps further research is needed to determine if catfish pond sediments are inclined
to increase the number of microorganisms as suggested by Al-Harbi & Uddin, where pond
sediments tested in Saudi Arabia showed APC ranged from ~5.5 log CFU in Spring/Fall to ~7.8
log CFU in Summer and Winter, with large variability between ponds. Escherichia coli
incidence ranged 10-18% (2006). There was no significant difference to record when comparing
results from experiment #2 with those of the same sampling points from experiment #1 during
the warmer months.
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Figure 4.31

Aerobic Plate Count (APC) on sampling time of day of liquid samples.

Figure 4.32

Aerobic Plate Count (APC) on sampling time of day of injector solution.
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Figure 4.33

Aerobic Plate Count (APC) on sampling time of day of fish samples (fresh fillet
and cavities: pericardial and visceral).

Figure 4.34

Aerobic Plate Count (APC) on sampling time of day of environmental samples.
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Figure 4.35

Psychrotropic Plate Count (PPC) on sampling time of day of liquid samples.

Figure 4.36

Psychotropic Plate Count (PPC) on sampling time of day of injector solution.
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Figure 4.37

Psychrotropics Plate Count (PPC) on sampling time of day of fish samples (fresh
fillet and cavities: pericardial and visceral).

Figure 4.38

Psychrotropics Plate Count (PPC) on sampling time of day of environmental
samples.
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Figure 4.39

Total Coliform Count (TCC) on sampling time of day of liquid samples.

Figure 4.40

Total Coliform Count (TCC) on sampling time of day of injector solution.
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Figure 4.41

Total Coliform Count (TCC) on sampling time of day of fish samples (fresh fillet
and cavities: pericardial and visceral).

Figure 4.42

Total Coliform Count (TCC) on sampling time of day of environmental samples.
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Figure 4.43

Figure 4.44

Escherichia coli count on sampling time of day of liquid samples.

Escherichia coli counts on sampling time of day of injector solution.
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Figure 4.45

Escherichia coli counts on sampling time of day of fish samples (fresh fillet and
cavities: pericardial and visceral).

Figure 4.46

Escherichia coli counts on sampling time of day of environmental samples.
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Figure 4.47

Enterobacteriaceae count on sampling time of day of liquid samples.

Figure 4.48

Enterobacteriaceae count on sampling time of day of injector solution
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Figure 4.49

Enterobacteriaceae count on sampling time of day of fish samples (fresh fillet and
cavities: pericardial and visceral).

Figure 4.50

Enterobacteriaceae count on sampling time of day of environmental samples

60

CHAPTER V
SUMMARY AND CONCLUSIONS
Seasonal variations on bacterial load in hybrid catfish paralleled the bacterial levels of the
liquid samples. In particular, bacterial load originated from truck water at the receiving step.
Greater bacterial counts were found to be related with fish viscera in general, suggesting crosscontamination of fish samples during the filleting and skinning step in processing environment.
This may be a product of different factors from personnel handling of the products, sampling
collection on a moving area to cleaning/sanitation program, contributing to the challenges of the
research of this study. It is possible that the presence of indicator microorganisms evaluated
varies according to the sampling season, recording greater counts during the late summer season.
A correlative relationship between the period of the day and sample collection regarding
bacterial load of the sample points was studied. However, results demonstrated no difference
between sampling points throughout the processing day, but this may differ in the colder seasons.
Fresh fillets taken in the warmer months did not satisfy the standards for ICMSF
guidelines (2019) and the BAP (2021) certification both call for a three-way sampling plan that
includes at least five samples (n=5) of the final product, further research and review will be
needed to assess new measures.
Thus, this study does not suggest that low counts of indicator organisms correlate to the
absence of foodborne pathogens, but rather supports the hypothesis that Escherichia coli is part
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of the natural microflora of catfish ponds and hence, not a good indicator of fecal contamination
of catfish.
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APPENDIX A
PREHARVEST SOURCES FOR PATHOGENIC BACTERIA
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Figure A.1

Sources that can contribute or transfer pathogens, antibiotic-resistant bacteria, and
antibiotic-resistant genes to the final fish and fish products (Sheng, et al., 2020).
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